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According to one aspect of the present invention, there is provided a radiation source 
comprising a first active layer coupled to a second active layer, wherein the first active layer 
produces primary radiation of frequency v, by appropriate stimulation, and the primary 
radiation is converted by the second active layer to secondary radiation of frequency v 2 for 
subsequent output. This two-step process allows the first active layer to emit at one 
frequency, with this frequency then being converted to a different frequency by the second 
active layer. 

Additional active layers may be provided, such that each active layer is coupled to a previous 
active layer, and each active layer subsequent to the first active layer modifies the radiation 
produced by the previous active layer, in this way, the primary radiation may be modified 
as many times as necessary to produce output radiation of a desired frequency and/or to 
produce intermediate frequencies used for reference measurements; 

Whilst the coupling of the first active layer to the second active layer may be achieved by 
affixing a surface of the first active layer to a surface of the second active layer, coupling 
may also be achieved by use of an intermediary layer disposed between the first active layer 
and the second active layer. The intermediary layer is preferably made of polymer 
compounds (epoxy) similar or close to those used for NIR LED encapsulation and paraffin's 
or liquids (suitable for construction of a source prototypes and investigations) or chalcogenic 
glasses. Both classes of intemiediary layer have a variety of possible compositions, just to 
mention few glasses containing sulphur: 

l)As 2 S 3 . 

2) S(l 0-20%)-I(2-60%)-As(l 0-60%)-Sb(2-5%), 
3) As(16-37%)-S(24-30%)-Te(20-41%)-Sb(2-23%), 
4) As(l6-38%)-Sb(2-18 0 /o)-S(20-30%)-Se(20-40%)-Br(4-17%). 
These materials are substantially optically transparent to the primary radiation, so providing 
optical coupling between the. first active layer and the second active layer, that is, to provide 
conditions for radiation from the first active layer to pass through the optical coupling layer 
to reach the second active layer without being modified in frequency and without strong 
reduction of intensity. 
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The intermediary iayer preferably has a refractive index n which is less than or equal to the 
refractive index of the active layers positioned either side of the intermediary layer. 

The first active layer may comprise a semiconductor junction, and thus the radiation source 
may further comprise an injection region incorporated in the first active layer, where 
injection of electrical carriers into the first active layer from the injection region stimulates 
the first active layer to emit the primary radiation. The injection region may be provided by 
a p-n junction, with appropriate electrical biasing. 

The first active layer preferably has a direct band gap energy associated with the material 
from which it is made, with the second active layer being associated with a second band gap 
energy, the first band gap energy being much greater than the second band gap energy. 

Desirably, the first active layer has a band gap energy in the range of 0.6 to 1.5 eV where the 
highest radiation efficiencies are available now for spontaneous and stimulated light sources 
( up to 30-50%). Using a wide band gap energy for the first active layer increases the 
efficiency of injection associated with the injection region, or p-n junction, at high 
temperatures. 

First active layer may produce spontaneous or stimulated emission and may be thus 
surrounded by confinement layers to create waveguide effect or by multilayer structure to 
create VCSEL. 

The second active layer may also contain several sublayers to provide suitable electron 
confinement of pho top umped nonequlirium carriers. Together with active layer they may 
form structures with one or more heteroj unctions, e.g. quantum dot structures, double 
heterostructure or superlattice with active layer thickness in the range of 10 nm to 10 jj.rn or 
up to 100 urn for graded bad gap layers, and desirably the active layers satisfy the following 
conditions: 



0) hv^^^^ + E t *k <E P 

(2) l/a crury <d< l/a- 



23-N0V-9B ilIE 16 = 00 



KEITH W NASH & Co. 



FAX NO. 01223 324353 



P. 03/24 



where hv^ is the maximum energy for the recombined radiation spectrum in the subsequent 
additional active area, optically connected with the previous active layer; 

Eprrvtou* is the band gap energy of the previous active layer optically connected with the 
present one; 

E s«*cqucno E f are the band gap energy and the Fermi energy level of the subsequent optically 
connected additional active layer, respectively; 

d is the thickness of the subsequent optically connected additional active layer; ■ 

<*«my and cx^ are the effective absorption coefficients for the radiation entering and exiting 

the subsequent additional active layer, respectively. 

As the active layers are separate, yet coupled together, the materials of the respective, active 
layers can. readily be selected to have different characteristics, such as different band gap 
energies. Thus when using a first active layer and a second active layer, the material of the 
second active layer is desirably selected to respond to the primary radiation so as to produce 
a secondary radiation of frequency in the middle infra-red range. 

Thus desirably the second active layer has a band gap energy of 0,1 to 0.6 eV . 

Preferably the first active layer is made of A 3 B 5 material and/or its solid solutions, with 
appropriate dopants used where necessary. The examples are GaAs, InP, GaP, InGaAs, 
InGaAsP with Zn, Mn, Mg, Be as a p-type dopants and Sn, Te as a n-type dopants. 

The second active layer is preferably made of GaSb, InAs, InSb and solid solutions made 
from these compounds and their combinations. (heterostructxrres, superlattices and quantum 
dot structures) so as to produce an energy gap in the material which results in production of a 
secondary radiation having a frequency in the middle IR range during recombination- The 
second layer may be also doped to obtain desired emission efficiency and frequency. Doping 
is useful for the nairow gap materials such as InAs, InSb and their solid solutions since they 
have small density of states in a conduction band and therefore strong degeneration of the 
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band at reasonably low donor concentrations (n~10 ! * cm" 3 ). Thus emission at energies higher 
than energy gap can be easily achieved due to the Moss-Burshtein effect. 

Preferred materials for the active layers include InAs^SbJ^ and In 1 . v Ga v As l , w Sb w where 
x+y<l, w<l and v<l. The composition of these materials preferably varies over a given 
thickness, so as to produce a graded variation in the band gap energy across the material. 
Thus typically a narrow band gap energy will exist at one edge of an active layer made from 
the graded material, with a wider band gap energy existing at the other edge. These graded 
materials preferably possess the radial symmetry of a unit cell. 

Where the radiation source comprises at least one active layer made from a graded material, 
preferably the edge of the graded material with the narrow band gap energy adjoins the 
injection region. The second active layer may contain additional layer(s) ( or cap(s)) with 
energy gap larger then the gap in the main absorbing layer to produce the '^window effect" 
for the light generated during the hvl— >>hv2 phototransition process. The examples are 
InAsSbP faCG^A^StyfoiAsShP, 7/i^/InAsSb/InAs, n~-InAsflnA$£h/n^-IiiAs, 

GaSbflnAsSb/GaSb, /n/ YJnCyaAs /InP double hetero structures and /nP /TnAsP . 
/n^f/InAsSMGa). GaSb/hjAsSMGfiX n^JnAs/n -In(Gz.)As- n+ -TnAs /n -InAs _ , tC -InSb/n - 
InSh , heterostructures where QAP& are marked in ITALIC, and narrow gap active layers 
marked as underlined , 

The radiation source may contain coating contacting active layer or active layer cap which 
reduce internal reflection losses. The preferred materials are abovementioned chalcogenic 
glasses and polymer compounds. The coating may form Veersh trass sphere to form narrow 
far field pattern. 

The radiation source may be a device incorporating a p-n junction, such as a light emitting 
diode. 

It is believed that the invention overcomes the problem of temperature quenching 
associated with known sources of providing an LED with separated injection and 
recombination areas and dividing these areas, that is, creating the possibility of injecting in 
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one material (say with Eg-1.4 eV) and recombining in the middle IR range in another 
material (say with Eg=0.25 cV), greatly increased efficiency of injection at high 
temperatures. 

In that connection, several structures with the broad band p-n emitter area and narrow band 
active area made from InAs(Sb) In(Ga)As(Sb), InAsSbP -alloys with peak emission at X= 
4.1, 3.7. and 3.3um (300 JC) respectively have been fabricated and studied with respect to 
high temperature gas sensing. 

The invention will now be described by way of example, and with reference to the 
accompanying drawings in which: 

Figure 1 is a schematic view of the radiation source in accordance with the present invention; 

Figure 2 is a sectional view through a semiconductor device in accordance with the present 
invention; 

Figure 3 is a sectional view through a second embodiment of a semiconductor device in 
accordance with the present invention and 

Figure 4 is a sectional view through a third embodiment of a semiconductor device in 

accordance with the present invention 

Description 

In Figure 1, a schematic view of a radiation source in accordance with the present invention 
is shown. The device 10 comprises a first active area or layer 12 and a second active layer 
14. Injection of electric charge carriers, such as electrons and holes, occurs in the first active 
layer 12, with recombination of carriers occurring in the second active layer 14 to produce an 
emitted radiation of a frequency which results in a wavelength in the middle IR spectrum, 
i.e. around 3-7um r The device has a layered structure with the first active layer 12 supported 
on a holder or base 16, to which electrical connections are made. A p-n junction 20 is 
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supported on the uppermost surface of layer 12 and the second active layer 14 supported on 
the uppermost surface of the p-n junction 20. 

In such a radiation source, the injection area and recombination area are divided, instead of 
being positioned in a single p-n or hereto-p-n structure. This allows the material for the 
recombination area to be selected independently of the material used for the injection area, 
and so permits selection of materials having the most appropriate characteristics for the 
respective areas. Thus by dividing these areas, injection can occur in one type of material, 
with a band gap energy of, for example, Eg=1.4eV and recombination occur in another type 
of material with, for example, Eg=0.25eV. This allows the recombination material to be 
selected to produce emitted radiation in the middle TR range, without affecting the selection 
of the injector (p-n junction) material. 

If desired, an optical coupling layer can be placed between the p-n junction 20 and the 
second active layer 14, such that the second layer 14 interacts with the first layer 12 via the 
intermediate optical coupling layer. 

An embodiment of a semiconductor optoelectronic device incorporating the generalised 
features explained with reference to Figure 1 is shown in Figure 2. Semiconductor 
optoelectronic devices, and specifically those which act as sources of infrared (TR) radiation, 
can be used in gas analysis devices, spectrometers, and detector and communication systems. 

The device of Figure 2 comprises a plurality of different layers with appropriate electrical 
connections to enable it to function as a radiation emitter. Thus the device 30 comprises a 
holder 32 including electrical connections 34, 36 and 38, with an emitter layer 40 placed 
above the surface of the contacts 34, 36 and 38. A first active layer 42 made of a direct 
band-gap material is affixed onto the emitter layer 40 and above this first active layer a 
cladding layer 44 is deposited to form electrical confinement. The first active layer 42 
incorporates a p-n junction 48 where injection of carriers occurs indicated as a flow of 
electrons (ie) and holes (Th). The layers 40, 42 and 44 are arranged such that they form a 
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well for the injected carriers. The p-n junction lies within a well or at heterojuncions 40/42 
or 42/44. The active injection area is thus limited to an isolated area within the first active 
layer 42, above the electrical contact 36. This results in the emitted radiation from the first 
active layer 42 being produced as substantially a cone of radiation. 

Above the cladding layer 44, a substrate 54 is deposited through which primary radiation at a 
first frequency emitted by the first active layer 42 passes. An optical compound 58 adjoins 
the uppermost surface 60 of the substrate 54 and provides optical coupling between the first 
active layer 42 and a second active layer 62 placed on the uppermost surface of the optical 
compound 58. The uppermost surface of sieeorid layer is also known as the wide-gap surface 
of the graded-material, with surface 66 representing the narrow-gap surface of the graded 
material. 

Instead of providing the optical compound 58 as a coupling link between the two layers, the 
layers can be affixed together by adhesive or a suitable cement. 

The p-n junction is subjected to forward bias, which causes the carriers to be injected into the 
first active area 42. The carriers injected recombine, with emission of radiation in the near 
JR spectral range with energy hv^E JWTSVious . The quanta thus formed leave the first active area 
at frequency v 1 and fall into the subsequent additional(second) active layer 62, optically 
connected with the first, where they are absorbed near to the surface 66. As a result, minor 
photoexcited carriers are formed in the. second area 62, and in their turn recombme with 
energy close to E talhieq ^+E f *k, where k = 0 for non-degenerated material and k * 1 for 
degenerated. The quanta thus produced, which have a frequency v, corresponding to the 
middle IR spectral range, leave the additional active area 62 and create an output radiation 
suitable for practical application. 

The separation of the first and second active layers as shown in the devices of Figures 1 and 
2 allows different materials to be selected for injection in the first layer, and recombination 
in the second layer. 
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Typically, the active layers comprise semiconductors from groups III and V of the periodic 
table, with different A 3 B 5 materials and/or their solid solutions used for the different active 
layers, so that the active layers can be selected to have different band gap energies. Using 
I1I-V based emitters ensures there is sufficient thermal conductivity in the different layers for 
thermal stability and also that the device has stability against moisture. 

By having separate active layers for injection and recombination, the final emitted 
wavelength of the source can be chosen from a wide range, and producing such devices is 
simplified as relatively thick layers of doped semiconductor material can be used when 
forming the device. It is possible to use a cascade of active layers made from different 
materials to produce an output radiation with a desired wavelength, and thus 3, 4, 5 or a 
plurality of active layers can be used in sequence within a device to achieve a particular 
output radiation. 

The device of Figure 3 has many features similar to those of the embodiment shown in 
Figure 2 and such features are denoted by the corresponding reference numerals used in 
Figure 2. The device shown in Figure 3 comprises a plurality of different layers with 
appropriate electrical connections to enable it to function as a radiation emitter. Thus the 
device comprises four active layers : 42 (first layer) and 62, 70, 7 1 (subsequent layers). 
Active layer 62 emitting at frequency hv 2 comprises double hetero structure with cladding 
layers 67, 68. The purpose of the claddings is to accumulate photopumped carriers in active 
layer far from the surface where high nonradiative recombination which is normally found in 
LII-V narrow band semiconductors. 

Layer 70 has energy gap which differs from that of layer 62 thus producing radiation with 
second frequency hv y =t hv 2 . 

The uppermost surfaces of layers 62, 70 are coated by glass or compound 69 having 
refractive index smaller than that of 62 or/and 70 layer materials. The purpose of the coating 
69 is to decrease reflection losses of hv 2 , hv 3 radiation exiting the layers 62 and 70 
correspondingly. The shape of the coating may be made in a such a way as to collimate 
radiation exiting the light source (e.g. with Veershtrasse sphere). 
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The active layer 71 is placed on top of the coating 69 in order to make optical connection to 
the radiation hv 2> hv 3 which passes through coating 69. The hv 2 or/and hv 3 radiation is 
absorbed in the subsequent active layer 71 with subsequent emission at hv 4 frequency. 

By using an injector (p-n junction) material with a wide energy band gap, the efficiency of 
injection at high temperatures in greatly increased. The apparent inefficiency caused by 
additional phototransformation of quanta formed in the first active layer 42 and radiated in 
the subsequent optically connected active layer 62 by the absorption and recombination 
process hvl — > hv2, is overcome by the. gain in efficiency of injection. Moreover, in most 
narrow band semiconductor light sources due to high electron mobility the recombination 
occurs in the j?-type side of a p-n junction; . However, p-InAs and related compositions 
(InAs(Sb), In(Ga)As, InAs(P), ...) suffer from strong Auger recombination and thus low 
quantum efficiency at room temperature is expected. Therefore creation of a separate active 
layer ( first and second active layers may be fabricated separately) permits to make any 
desired layer doping procedure ( including n-type doping or/and rare earth gettering) without 
reference to parameters governed by technological process of p-n junction creation in the 
narrow band material. The obtained freedom in the choice of active layer parameters permits 
thus to design source to work effectively in the middle IR spectral range at high 
temperatures, and be simple and cheap to construct. The band gap energy and the thickness 
of each subsequent active layer relative to the previous active layer satisfy the correlations: 

Vct my <d< 1/cw 

where hv TniJl is the maximum energy for the re combined radiation spectrum in the subsequent 
additional active area, optically connected with the previous active layer; 

is the band gap energy of the previous active layer optically connected with the 
present one; 

E *«bs«iucnt> E r are the band gap energy and the Fermi energy level of the subsequent optically 
connected additional active layer, respectively; 
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d is the thickness of the subsequent optically connected additional active layer. Typical 
thickness range is from 10 nm to 10 um or up to 100 jam for the graded crystals 
a cn&> a cAH mt t * ie effective absorption coefficients for the radiation entering and exiting 
the subsequent additional active layer, respectively (typically a ency =5-l0 3 -lO s cm"\ a 
^=5 10M0 4 cm' 1 ); 

and there is, between two active layers, at least one layer of a substance with a refractive 
index of n which optically couples the two layers and which satisfies the correlation: 

1 tl ^= n prtvio^ tubscqucot 

where n fmrvlouSi ,^ quTO , are the refractive indices for the previous and subsequent active layers, 
respectively. 

Introducing additional active layers, optically connected with the first and consisting of A*B 5 
material and/or its solid solutions, into the device structure, with an energy band gap that 
satisfies the specified correlations, and with the space (gap) between the active areas filled 
with a substance with a refractive index n, which satisfies the conditions Kn<n prcvicx ^ subiCVIcao 
leads to the creation of a p-n junction (injector) in the material with a wide band gap. This 
greatly increases the efficiency of injection at high temperatures and also reduces the loss of 
radiation output received in the middle IR area at high temperatures, in so far as the angle of 
full internal reflection is increased at the edge of the previous and subsequent optically 
connected active areas. This leads to an increase in the source's efficiency. 

The introduction into a device such as an LED of a second active layer, optically connected 
with a previous active layer and consisting of A 3 B 5 material and/or its solid solutions, creates 
the possibility of transforming the wavelength of the radiation exiting from the previous 
optically connected active area in a given wavelength range. A 3 B 3 materials are preferred as 
they have a high absorption coefficient and a high internal quantum yield value. The 
application of other substances (for example, A 2 B 6 ) is generally ineffective, because their 
quantum yield is not great and they are less stable, especially at high temperatures and in 
moist atmospheres. The choice of energy band gap for the additional active area (taking into 
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account k = 0) for non-degenerated material and k = 1 for degenerated) allows the radiation 
exiting from the previous optically connected active area to be absorbed. 

Failure to fulfil the condition B sub6c ^ XTit ^ E^^Ej^^ leads to an absence of photoexcitation 
of the carriers in the second active layer, because of the sharp drop in the absorption 
coefficient at energy levels below E sufaaaqwi +E f *k. The intended application of the source, 
and the emitted radiation wavelength required, determines tHe.hv^ valiie. For sources used 
in gas analysers, the hv^ value usually coincides with the absorption band of substances 
analysed. The hv^ parameter must agree with the width of the forbidden band in the 
additional optically connected active area, that is, hv^ < E^^^ + E f *k. * 

Fulfillment of the condition d > 1/a^ ensures that most of the radiation exiting from the 
previous optically connected active layer will be absorbed. When d < l/ct^^ in the additional 
active layer, approximately 2/3** less of the overall flow from the near 1R radiation will be 
absorbed (I==I 0 exp (-ad)); this leads to 

a reduction in the efficiency of the transformation (output) of radiation and renders it 
impossible to use the source in practice. The condition d < 1/oc^ must be fulfilled for the 
radiation from the middle IR range to be emitted effectively from the second active layer. If 
this condition is not fulfilled, much of the radiation will be reabsorbed in the second active 
layer, so reducing the intensity of the radiation emitted. 

By making the first and second active layers of graded band gap A 3 B 5 materials and/or their 
solid solutions, a range of sources with different emitted wavelengths can be provided as the 
growth of layers allows material with the required energy band gap to be produced. The 
narrow-gap active layer material is typically graded InAsSb(P) compositions which are 
lattice mismatched with an InAs substrate, and have high quality and high quantum 
efficiency. 

These graded layers can be produced with the radial symmetry of a unit cell using the LPE 
growth method to produce epilayers having low dislocation density and plastically deformed 
substrates with high dislocation density. 
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When the narrow-band gap surface is placed adjacent to the p-n junction, the effective 
absorption coefficient a CJUt is sharply reduced, since the wide-gap areas of graded band gap 
material produce a * window' effect for the radiation formed in the narrow-gap part. The a cxiT 
calculation for the graded band gap material is set out in AJBerg & PJDiix, 'Tight Emitting 
Diodes", << Mir*\ Moscow, 1979, p578, and N.P. Esina et al, Sov Phys Semicond, Vol. 
15(1981), No 12, ppl372-4. In this way it becomes possible to use sufficiently thick layers 
(about 20-60ujn, VE g = 2- 30 meW/ ^m), which, given the fragility of the A 3 B 5 materials, 
makes the technological process of producing the devices simpler. Positioning the narrow- 
gap surface adjacent to the exiting radiation side (that is, positioning the wide-gap surface 
adjacent to the p-n junction) leads to a significant reduction in the source's efficiency 
because of the absorption of exiting light. 

Examples of implementations of the device depicted in Figure 2 are now discussed below. 
Example 1 

The device in this example was produced by growing layers using the method of liquid- 
phase epitaxy(LPE) on a n"-InP (Sn) substrate oriented in (100) plane. Firstly a layer of 
undoped n - InGaAsP with E & = 1.19 eV and thickness of d - 1.0 um was grown and this 
followed by a layer of undoped n - InGaAsP (E g = 1.01 eV. D ~ 0.4 um), and then a layer of 
p+ - InGaAsP, doped with Zn (E g = 1.01 eV, d ~ 4.7 urn). The composition of the second 
layer was optimized for receiving radiation in the range of 1.21-1.23 urn at room 
temperature. The epitaxial structure was cleaved into rectangular chips 1 x 1 x 0.35mm 3 in 
size, which were soldered with indium on a standard TO- 18 holder with the p -layer 
downwards. The n- contact was made of indium on an InP surface, , so that the free InP 
surface was 1 x 0.9 mm 2 in size. For the second layer, indium arsenide of 2-4 um thickness 
was used, with n- type conductivity where n=5 x 10 16 cm"\ The layer was fastened to the n*- 
InP (Sn) surface by point soldering with indium. The source thus produced was supplied 
with continuous current at 30mA and radiated at a wavelength of 3.5um with a radiation 
spectrum half-width of 0.4p.m. The radiation was recorded up to and including a 
temperature of 130°C, at which the spectrum peaked at 3.6|jm. 
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Example 2 • 

In the device according to Example 2, the epitaxial structure for the first active area is 
identical to that described in Example 1. Using standard photolithographical methods* a 
deep mesa 400 jam in diameter was created on the-epitaxial structure, and an ohmic contact 
(Cr + Au) 260 mm in diameter was formed by vacuum sputtering. The contract with the n- 
area (Cr + Au) was horseshoe-shaped and was sputtered both onto the p-area outside the 
mesa and onto the n-area on the slopes of the outer mesa. The contacts were then 
strengthened by additional precipitation of galvanic gold. The crystals with the mesa 
structures and contacts were cut into rectangular chips of dimensions 0.3 x 0.9 x 1mm 3 and 
mounted onto a canier( submount ) of semi-insulating silicon of dimensions 0.4 x 1.5 x 1.7 
mm 3 with contact areas of Sn +■ Pb« The narrow-gap active area was created as follows. On 
the indium arsenide substrate, a gradient layer of InAsSbP was grown, 60 \xm thick, with an 
InASa^Sbfuw compound on the surface and an increase in phosphorus content towards the 
substrate, with a band gap gradient of 1-2 meV/jam. After the growth process, the InAs 
substrate was chemically. etched off, leading to a final thickness for the layer of 20p.m. The 
gradient layer achieved was fixed by spot soldering the narrow-zone surface to the InP 
sublayer using indium. The emitter produced using the above method radiated at a 
wavelength of 4.2 um near the carbon dioxide absorption band and showed a stable 
performance up to and including 90°C- 

Example 3 

The radiation source was produced as described in Example 2. However, the gap between 
the InP substrate and the InAsSbP layer was filled with an optical polymer compound 
(epoxy) , transparent in the near IR region- The radiation output of the source was 2-3 times 
higher than in Example 2. 

Example 4 

The radiation source was produced as described in Example 2. However, the first active 
layer was made of GaAs sandwiched between GaAlAs claddings. Several mesas have been 
made on a pumping LED chip all being bonded p-side down to the Si carrier ( submount). 
The top of GaAs LED was covered by heterostucture consisting of 70 jim thick n-LriAs 
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susbtrate (cap) and 1.5 thick InAs a92 Sb 0 08 active layer deposited onto InAs by LPE 
method. The hcterostrucftire was cemented to GaAs LED surface by a As(16-3S%)-Sb(2- 
lS%)-S(20-30%)-Se(20-40%)-Br(4-17%) glass. The same glass was deposited onto the n- 
InAs cap. The radiation output of the source was 2-3 times higher than in Example 3. 

Example, S 

This radiation source was generally produced as described in Example 1. However the 
second active layer was composed of 70 p>m thick n ~ InAs (n=2 10 18 cm \ cap) and 1.5 j-im 
thick Gd doped n-InAs(n < 2 10 16 cm ~ 3 ) active layer deposited onto InAs by LPE method 
The radiation output of the source was 2-3 times higher than in Example 1. 

Example 6 

This radiation source was generally produced as described in Example 1. However the 
second active area was positioned perpendicular to the p-n junction and parallel to (Oil) 
crystal plane. The p-n junction was supplied with short impulses (less than lp.s) with a 
range of current of 7 A. The radiation output was higher than with the methods mentioned 
above, and higher than Example 2, because the first active area began working in a 
stimulated regime. 

Ex.aropie 7 

The source was produced as described in Example 3, however the IrAsSbP layer area was 
half the size, and the freed area on the InP surface was covered with an InAs layer, identical 
to those described in Example 1, so as to create a third active layer. The source produced 
radiated simultaneously in two wavelengths: 4.2 ^im and 3.5 pxn. 

Example g 

The first active area and the p-n junction were produced as in the previous examples. 
Second and third active layers, consisting of gradient layers of InAs^SbJPy and In^GavAs^ 
w Sb kV were placed on the InP surface with compositions on the narrow-zone surface: x = 0.2, 
v = 0, v = 0.1. The faces of the second and third active areas were rectangular in shape and 
were firmly joined to each other along the line that divided the InP surface into two equal 
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parts as normal. When voltage was applied to the p-n junction, the source radiated on two 
wavelengths: 5.5 p.m and 3.9 ^m, which corresponded to the phototransformation in the 
respective second and third active layers. Similar two- and multi-wave sources may be used 
in optical gas analysers with several measurement channels. 

Example 9 

This source had the same component parts as in Example 5, however the second and third 
active layers were positioned in sequence according to ray movements. The second active 
layer of InGaAsSb layer was joined to the InP using a compound, and the third active layer 
of InAsSbP was placed 10mm away from the InGaAsSb. This positioning of the areas 
allowed the production of a ray with a consistently changing wavelength (3.8-5.5(jm ), 
suitable for use in spectroscopy. ... 

Example 10 

The source was produced as described in Example 1, however the second active layer was 
composed of n VLnSb/n-LiSb structure fabricated by LPE method. The 2jxm thick n-InSb 
active area adjoined the InP LED top layer through the As(16-37%)-S(24-30%)-Te(20-41%)- 
Sb(2-23%> glass (72) . The source emitted at 6 jxm (300K). To couple the source with Aj^ S 3 
fibre (73) the latter was glued by the glass mentioned in Example 4 as shown in Fig.4, in 
which elements corresponding to those of Figures 1 and 2 are denoted by the corresponding 
reference numerals in Figures 1 and 2. 

Example 1 1 

The source was produced as described in Example 1, however the second active layer was 
composed of InAsP/InP structure with the increase of phosphors content towards InP 
substrate- The ISfxm thick graded n-InAsP active area fabricated by LPE method adjoined 
the InP LED top layer through the As(16-37%)-S(24-30°/o>Te(20-4l%)-Sb(2-23 o /o) glass. 
The source emitted at 2.1 jam with FWHM of about 0.3 jam at room temperature. 
Preliminary evaluation shows that InAsSb-based 'radial symmetry * LEDs will be very stable 
with a narrow emission band (FWHM<600nm), high output power (over 50 000 nW) and 
will be several times cheaper. Thus these LEDs will enable to . decrease the limit of detection 
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by factor 2-4 since most gases (NO is an example) have narrow absorption bandwidth 
(FWIiM-200 nm). 

Thus the invention allows the creation of reliable and effective ambient operating light 
emitting diodes (LEDs) which emit in the 3000 to 6500 nm spectral range and which can be 
used as light sources for infrared analysers including the fibre optic ones. The spectral range 
for the source operation can be extented to 8000-14000 nm range by appropriate choice of 
the second layer composition and layer arrangement. 
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C783.00/S . 
Claims 

1. A radiation source comprising a first active layer coupled to a second active layer, 
wherein the first active layer produces primary radiation of frequency v L by appropriate 
stimulation, and the primary radiation is converted by the second active layer to secondary 
radiation of frequency V2 for subsequent, output. 

2. A radiation source according to claim 1 , wherein additional active layers are provided, 
such that each active layer is coupled to a previous active layer, and each active layer 
subsequent to "the first active layer modifies the radiation produced by the previous active 
layer. 

3. A radiation source according to claim 1 or claim 2, wherein coupling occurs by an 
intermediary layer disposed between the first active layer and the second active layer. 

4. A radiation source according to claim 3, wherein the intermediary layer is substantially 
optically transparent to the primary radiation, so providing optical coupling between the first 
active layer and the second active layer. 

5. A radiation source according to claim 3 or claim 4, wherein the intermediary layer has a 
refractive index n which is less than 1, and less than or equal to the refractive index of the 
active layers positioned either side of the intermediary layer. 

6. A radiation source according to any of the preceding claims, wherein the first active 
layer comprises a semiconductor junptioru 

7. A radiation source according to any of the preceding claims, wherein the radiation 
source further comprises an injection region incorporated in the first active layer, where 
injection of electrical carriers into the first active layer from the injection region stimulates 
the first active layer to emit the primary radiation. 
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8. A radiation source according to claim 7, wherein the injection region is a p-n junction. 

9. A radiation source according to any of the preceding claims, wherein a first band gap 
energy is associated with the first active layer, and a second band gap energy is associated 
with the second active layer, the first band gap energy being much greater than the second 
band gap energy. 

10. A radiation source according to any of the preceding claims, wherein the active layers 
satisfy the following conditions: 

(1) h v Tn3JC <E 5li i JSC q ticnt Ef *k ^Ep^cvK,^ 

(2) l/CLcxiu 

where hv TTW; is the maximum energy for the radiation reduced in a subsequent active layer 

optically connected with a previous active layer, 

Ep re vious is the band gap energy of the previous active layer, 

Esubscqucm, E f are the band gap energy and the Fermi energy level of the active layer, 
respectively; 

d is the thickness of the subsequent active layer; 

a cnlry and ct C xi: are the effective absorption coefficients for the radiation entering and exiting 
the subsequent active layer, respectively. 

11. A radiation source according to any of the preceding claims, wherein the active layers 
are made of A 3 B 5 material and/or its solid solutions. 

12. A radiation source according to claim 11, wherein at least one active layer comprises 
InAsi. x . y Sb x P yv where x+y<l. 

13. A radiation source according to claim 11, wherein at least one active layer comprises In T 
_ v Ga v Asi-wSb w , where x+y<l s w<l and v<l. 

14. A radiation source according to any of the preceding claims, wherein the first active 
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layer and the second active layer are made from a material with a graded variation in band 
gap energy. 

14. A radiation source according to claim 2, wherein the additional active layers are made 
from a material with a graded variation in the band gap energy. 

16. A radiation source according to claims 14 or 15, wherein the material with a graded 
variation possesses the radial symmetry of a unit cell. 

17. A radiation source according to claim. 15 or 16, wherein the material with a graded 
variation adjoins the injection region along one edge where the material has a narrow band 
gap energy. 



18. A radiation source according to claim 1, wherein the radiation source is a light emitting 
diode. 
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C783.00/S 



Title: Radiation source 

A radiation source (10; 30) is provided comprising a first active layer (10) coupled to a 
second active layer (14), wherein the first active layer (12) produces primary radiation of 
frequency vi by appropriate stimulation, and the primary radiation is converted by the 
second active layer (14) to secondary radiation of frequency for subsequent output. The 
coupling between the first and second active Layers is achieved by an intermediary layer (20) 
disposed between the first active layer (12) and the second active layer (14). The radiation 
source (30) further comprises a p-n junction (48) incorporated in the first active layer 42, 
where injection of electrical carriers into the first active layer (42) from the p-n junction 
stimulates the first active layer (42) to emit the primary radiation. 



[Figure 2] 
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PCT/EP 00/037A5 



POCCHMCKOE AfEHTCTBO nO nATEHTAM l/l TOBAPHbIM 3HAKAM * ^ 

(POCIIATEHT) 

OEflEPA/lbHblM HHCTMTYT nPOMblLLI J1EHHOM COBCTBEHHOCTM 



per. No 20/12-262 



"12" anpe/ifl 2000 r. 




CnPABKA 



Oeflepa/ibHbiM hhcthtyt npoMbiuj/ieHHOM co6ctb6hhocth PoccuPiCKoro areHCTBa no 
naTeHTaM v\ TOBapHbiM 3HaKaM HacTo^LUMM y^ocTOBep^eT, hto npw/ioxeHHbie MaTepna/ibi 
HB/iflK)TCfl TOHHbiM BOcnpon3BeA^HHGM nepBOHana/ibHoro onucaHnq, cJ)opMyjibi n nepTexen 
(ec/in nivieK)Tca) 3aflBKn Ha BbiAasy naTeHTa Ha n3o6peTeHne N 991 09287, noAaHHOM b 
anpe/ie Mecsue 27 ahh 1999 roAa ( 27.04.99 ). 



Ha3BdHMe ii3o6peTeHnq 



riO/iynpOBOAHMKOBbM MCTOHHMK MH<t»pa- 

KpacHoro n3/iyHeHnq (Bapi/iaHTbi) 



3asiBiiTe/ib 



OM3HK0-TeXHimeCKl1M MHCTMTyT 

mm. A.O.I/loctx^e PAH 



fleMCTBMTe/lbHblil aBTOp(bl) 




PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



MATBEEB Eopnc AHaTO/ibeBMH 
30TOBA HoHHa BaHec/iaBOBHa 
l/IJlbl/1HCKAfl HaTa/ibq flMHTpneBHa 
KAPAHflALilEB Ceprefi ApKaAbGBun 
PEMEHHbll/l MaKCMM AHaTO/ibeBHH 
CTYCb HnKonaPi MaTBeeBUM 
TAJ1AJ1AKMH reoprnCi HnKO/iaGBUM 



ynO/lHOMOHeHHbIM 3aBepMTb KOni/IKD 

3a$iBKM Ha M3o6peTeHi/ie 




r.Cj). BOCTpklKOB 

3aBeAyH3LUMM OTAenoM 



M.kji. HOI L 33/00 ; H05B 33/20 



Flo/iy npOBO/uuiKOBMM HCTOHiiHK h nc^pa krpacnoro iiuiyHeiiiiH. 

(BapaiaHTH) 

H300peTeHHe OTHOCHTCfl K OOJiaCTH nOJiynpOBO/lHHKOBOH OnT03JieKTpOHHKH., 
KOHKpeTHO- K MCTOHHHKaM HH(})paKpaCHOrO (MK) H3JiyHCHHH H MO/KCT HaHTH npMMCHC- 

Hne b npn6opax ra30Boro aHajiH3a, cneicrpoMeTpax, b CHCTCMax o6napy>KeHHfl h cbjhh. 

H3BeCTeH nO.TynpOBOJIHHKOBblH HCTOMHHK HK-H3JIVMeHHfl ? COAep>KaiUMH 3KTHB- 

nyio oo/iacTb H3 Maiepnajia Abe 3a.aaHHOH ujhphhoh 3anpeiuenHOH 30Hbi h p-n nepe- 
xojx [I], H3JiyMaK>iuHH b cpe/men HK-o6jiacTH cneicrpa. Hctomhhk BbinojiHeH Ha ocHOBe 
reTepocTpyiaypbi n-InGaAs/p- InGaAs/n-lnAs h npeAHa3HaneH juia H3MepeHHfl npo- 
3panHOCTH (J)a3bi b oojiacTH nojiocbi nomomeHHa yrjieBOiiopoiiOB - 3. 3m km. /Ioctohhct- 

BHMH HCTOHHHKa flB,T*K)TCfl 60JIblllOe BpeMfl >KH3HH (Goiiee 30000 M3COB) H y3KHH CneKTp 

H3JiyMeHHH (MeHee 0.4mkm), mto no3BOJi>ieT ncnojib30BaTb ero ra3oaHajiHTHHecKofi an- 
napaType. 

> He^ocTaTKOM hbj\hqtch HeB03MO>KHOCTb paGoTbi npH noBbiujeHHbix TeMnepaTy- 

pax (ne 6ojiee 80 C). 

H3BeCTeH nO.IVnpOBO/lHHKOBblH HCTOMHHK MK-H3JlVMeHHfl, B3flTblH 3a IipOTOTHn, 

coAep>KamHH aKTHBHVK) oGjiacTb H3 MaTepnajia A 3 B 5 c 3ajaaHHOH whphhoh 3anpeiueH- 
hoh 30Hbi h p-n nepexoji [2], H3JiyMaK>mHH b 6jiH>KHeH MK-oo/iacTH cneicrpa. KOTopbifi 
HMeeT B03M07KHOCTb paGoTbi npH noBbiiueHHbix TeMnepaTypax. HcaocTaTKOM «bjihctch 
OTcyTCTBHe bo3mo>khocth pa&OTbi b cpeAHen MK-o6jiacTH cneicrpa. rj\e HaxoAflTCH oc- 
HOBHbie (c|)yHnaMeHTajibHbie) nojiocbi nomomeHHa BemecTB h ivie 3(})(j)CKTHBHOCTb pa- 
6oTbi anajiH3aTopoB na ocuoBe TaKHx hctomhhkob ocoochho BbicoKa. 

3a^a i ien H3o6peTeHH« fio n. I HBjiaeTCfl paciuHpenne jiHana30Ha H3JiyweHHJi hc- 
TOMHHKa npn noBbiiueHHbix TeMnepaTypax. 

3ajxa x \a peiuaeTCfl co3,aaHHeM nojiy hpoboahhkoboto HCTOMHHKa HH(})paKpacHoro 
H3/iyHeHHn, co>aep>Kamero aKTHBHyio oGjiacTb H3 MaTepnajia A 3 B 5 h/hjih ero TBep/ibix 
pacTBopoB c 3aaaHHofi ujhphhoh 3anpemeHHOH 30Hbi h p-n nepexo/u b kotopom, co- 
rjiacHO 4>opMyjie H300peTeHHH, hctomhhk .aonojiHHTejibHO cojiep>KHT no Menbujefi Mepe 

OAHy OnTHMeCKH CBH3aHHyK) C nepBOH aKTHBHOH 06jiaCTbK> flOnOJIHHTeJIbHyiO aKTHBHyK) 

o6jiacTb H3 MaTepnajia A 3 B 5 h/hjih ero TBepAbix pacTBopoB, npHMeM LUHpHHa 3anpe- 




OHTHMCCKH 



HHOH aKTHBHOH 06- 



hv M , x < E l)ool +E r *k<E, 



l/a HX . <> d < 1/a 



VJXC hv Max - M3KCMMVM CneKTpa pCKOMGHMaUHOHHOrO H3TVMCHHA B nOC^eAVK)IHCH AO- 
HOJlUHTCJIbHOH aKTHBHOH o6iiaCTH, OHTHMCCKH CBH3aHHOH C HpCabmyLUCH aKTHBHOH 06- 
JiaCTbK), 

E,ipc ;L - in Hp h na 3anpeuxemiOH 3onbi npcabi/iyiuen, ohthmcckh CBjnannoH c /lannon, aK- 
THBHOH o6/iaCTH, 

E nocJL h E f - ujHpHHa 3anpemeHHOH 30 hw h 3neprn« OepMH nocjie^yrcnueH ohthmcckh 

CBA3BH HOH AOnOJIHHTejlbHOH aKTHBHOH o6iiaCTH, COOTBCTCTBCHHO, 

d- TOJimHHa noaneziyioiueH onTHMecKH CBjnaHHOH .aonojiHHTejibHOH aKTHBHOH oojiacTH^ 
cxnx. h a nhiX - 3(})(J>eKTHBHbie K03(|)(j)HUHeHTbi norjiomeHH* jinn Bxo/mmero h Bbixo/m- 
•uiero H3 nocjieziyiomeH AonojiHHTejibHofi aKTHBHOH o6;iacTH H3JiyMCHHfl, cootbctctbch- 

HO. 

3a,aaMeH no n.2 HBJiaeTca o6ecneneHHe bo3mo>khocth BbiGopa /uiHHbi bo^hw h3- 
jiy^iCHHfl b lunpoKOM AHana30He h ynpoiuenne Texnojiornn H3roTOBjienHfl Tannx npn- 
6opoB 3a cneT Hcno;ib30BaHH5i cjioeB 6ojibujoH tojiuihhu. 

3Ta 3aziaMa peiuaeTca tcm, mto b nojiy npoBO/inn kobom hctomhhkc MK-H3;iyMeHHfl 
no n.l jxo n o ji h htc ji b h a# aKTHBHa^ o6/iacTb BbinojiHena na ochobc BapH30HHoro MaTe- 
pna/ia, npH i ie\i cro y3K030HHa>i noBcpxnocib pacnojiO/Kena co CTopoHbi p-n rMpek)6Maj [, 

3a;ia i ieH no n.3 HBjifleTCfl noBbiiucHHc 34x}>ckthbhocth pa6oTbi HCTOHUHKa. 

3ra 3a,aaMa pciuacrcH Te\i, mto b nojiynpoBO/inHKOBOM hctomhhkc Hii4)paKpacHO- 
ro-H3JiyMenHfl, coAcpncameM aKTHBHyio o6;iacTb H3 MaTepnajia A 3 B 5 h/hjih cro TBcp- 
;ibix paciBopoB c 3a^annoH mnpnnoH 3anpememioH 30Hbi h p-n ncpcxo^.cor/iacno 
(J)opMyjie H3o6peTenH5i, hctomhhk AonoJiiiHTejibiio ccuep>KHT no MenbmeH Mepe o;wy 

OHTHMCCKH CBH3aHHyK) C HCpBOH aKTHBHOH 06jiaCTbK) ZlOnOJlHHTCJl bHyK) aKTHBHy K) 06- 

jiacTb H3 MaTepnajia A 3 B 5 h/hjih cro TBCp^bix pacTBopoB, npHMCM lunpnua 3anpcincn- 

HOH 30HbI H TOJILUHHa Ka>K^OH MOCJiefly K>1UCH OHTHMCCKH CBH3aHHOH aKTHBHOH OOJiaCTH 
yAOBJlCTBOpfllOT COOTHOUieHH^M: 



3 

hv M „< EnocT+Er *k<E nptx 0^ 

BUI.1 

H nO MeHbllieH Mepe MOKtfy flByMH OnTHMeCKH CBH3aHHbl MH aKTHBHblMH o6jiaCT«MH BBe- 
JICH C/lOH BCllieCTBa C K03(J)4)HUHeHTOM FipejlOMJieHMfl n, yflOBJieTBOpHK)IlIHM COOTHO- 
IUCHHK)! 

1 ^ H — n 1 1 JM- /!., 1 1 <xvr 

r\ae hv Max - MaKCHMVM cneiapa peKOM6HHauHOHHoro H3JiyHeHH>i b nocjieayioiueH no- 
nojiHHTCJibHOH aKTHBHofi o6jiacTH, onTHHecKH CBfl33HHOH c npeabiay men aKTHBHofi 06- 

JiaCTbK), 

E lip e.i- uiHpHHa 3anpemeHHOH 30Hbi npeabmymefi, opithmcckh CBjnaHHofi c zwhhoh, aK- 
THBHofi o6.nacTH, 

Ciiocl h Ef - LUHpHHa 3anpemeHHOH 30hw h 3HeprH« OepMH nocjieayiomeH ofithmcckh 

CBH33HHOH flOnOJIHHTejlbHOH aKTHBHOH o6iiaCTH, COOTBCTCTBCHHO, 

0- TOJimHHa noanejiyiomefi ohthhcckh CBJnaHHofi aonojiHHTejibHOH aKTHBHofi o6jiacTH r 
a., x . h a IIKIX . - 3(J)(})eKTHBHbie K03<J)(J)HLiHeHTbi nomomeHHJi jinn Bxo/mmero h bwxo/w- 
mero H3 noancayiomefi aononHHTejibHofi aKTHBHofi o6jiacTH H3JiyMeHHfl, cootbctctbch- 

HO, 

n lipc;l ., n mtCJtm - noKa3aTe^H npejiOMjienHfl npeAbi^ymefi h nocjieayjomefi aKTHBHbix 06- 
jiacTefi, COOTBC TCTBCHHO. 

3aAaneH no n.4 ABJi*eTCfl B03MO>KHOCTb Bbi6opa /uihhw bo/ium H3JiyHeHH* hctoh- 
HHKa no n.3 h ynpoiuenne TexnojiorHH ero H3roTOBjiCH hh . 

3t<\ 3a^ana peujaercfl tcm, hto, b no/iynpoBOAHHKOBOM hctomhhkc HH(})paKpac- 
noro H3^y i ienHH no n.3 no MeHbtuefi Mepe o/ina nononHHTe/ibnafl aKTHBHaa oojiacTb 
Bbino^neHa na ochobc Bapn30HHoro MaTepnajia, npnMCM ero y3K030HHa* noBepxHOCTb 
pacno/io^ena co CToponw p-n nepexona. 

CymnocTb H3o6peTenH>j 3aKjiK>MaeTca b cncayiomeM. 
TpaAHUHOHHbifi noitxoA b co3^aHHH HCTOHHHKa b cpeAHefi MK-o6^acTH COCTOHT B TOM, 
mto o6;iacTb HH>KeKUHH h peKOM6nHauHH pacno^o>Kenbi b e^HHofi p-n hjih reTepo-p-n 

CTpyKType. Pa3AejlHB 3TH o6jiaCTH, T.C C03/iaB B03MO>KHOCTb HH>KeKUHH b oahom MaTe- 

pnane, a B03MO>KHOCTb peKOM6HHauHH b cpeAHefi HK-o6/iacTH - b .apyroM, aBTOpbi 
o6ecneHHJiH bo3mo/khoctb CBo6o/ibi b Bbi5ope MaTepnajia HHvKexTopa( p-n nepexoaa). 



E.aroaapB 3TO«y y»o»^ H„*eKrop( p-n nepexoa) b gpmue c ocbmOH 
iu „ p „ho« M npeme»HCH 30„b,, no P c3ko yBejiHHHJio 3 W e«n.SIKn. h„>kcku„h np„ 
noBbiiucHHbix TeMnepa^ypax n P „ 3tom «y»« He34,<peKT„B„ocTb, ao- 
nom-Hre**™- ,poTonpeo6pa30.a„HeM KBa,m,B, cpopMHpoBannMx . „ep»OH aKT„»Hc„ 
„6aac T H b KBa„™, a noc™,»» onxH,ccK„ c„»3»h„oh bk.hb- 

„ofi o6aacr„ -.epe, npouccc „ P eKOM6„HaUH„ hv, - hv, uepeKp^aexca 

B b ,„rp t MUeM B O^K-TMBMOCTH „M>KCKU„„. 3t0 npHKflO K HOBO„y 3,p<|>CK3y - «" 
HOCTM 3<|><peKTHBHOH p.OO „., HCTO'IUHKS B Cpe fl HeH HK-0&«TH U P H IIOBbllUGHHblX 

TeMnepaTypax. 

nOKa)KeM CVlUCCTBCHHOCTb npH3HaKOB. 

Bae fl e„He a kohc W kuhk> fl onom,H T e,b„OH aKTHBHOH o6„acTH (xotb 6b, o fl - 
„ofi)onTHHecK„ CB»3aH„ofl c npwwy-uell. H3 ««KpH». A* hAuh. ero raepab.x 
pacraopoa o«cne,HBacT BC3«o,KHOCTb „ P eo6pa3oaaH„a M H„b, BO„„b, „3nye„„H Bb,- 
xoAau,ero H3 npewv-"* oin'H i iecKH caaaanHOH aKTHa„oR cWth a 3a fl a..HOM 3«a- 
'naaoHe *bh„ bob,,. nocKO.bKy MaTap^b, A»B 5 hmoot ab,coK„fi K03<M>HUHe„T nor.o- 
„ ie „H» ( nop-axa .0' cm 1 ). a tbiokc aucOKoe 3„aHe„He BMyrpeBHero KBBHTOBoro b W - 
x„ fl a np„MCHeH„e apyrnx bcu.cctb (»an P H M ep, A 3 B„ ) „e3,},<pe,cr„B„o. t.k. x.a.,TO»b,H 
„b,xo fl a iihx hcbc.bmk h oiih »e,« CTB 6 H„b„b,, oco6e„»o n P H noBb,u,eMMb,x rCM,.cpa- 

iyp ax Bb,6op U,H P H„b, Mnpcu.eHHoB 30Hb, fl OnOBMH,e,b„OH aKTHBHOH OOBBCTH (c 

y .,CTOM k=0 W HCBb, P o^cn„oro MaTepnaJia h K-l *» .-po«e»Horo) oeccnCHaacT 
nornoHKHHe H3Jiy'ieHHS. Bb,xo fl au 1 ero H3 npe fl b, flyU1 eH ohthbcckh ca»3a,,„OH ax-r„B- 

IIOH OOJiaCTH. 

HCBbHIOJIHCHHC yCJIOBHH E,»., + E,« K<E,„ npHB^T K OTCyTCTBH.O *OTO«>^- 
A CHH» HOCHTCBCH B .lOIKUHIHTCJlbHOH aKTHBHOH 06BBCTH B CH„y pe3K030 KO- 

3,p, p „uHC,na „or.,o„,c,m» npn ,„cpn..x. MeiibiuHX (P„„,/E,*k). OonacTb „ P hmchc»h, 

npc^araCMOro hctohmhio onpc fl e„»er BCjiH'iHHy hv_„ KOTopaa o6a o coanaaacx c 

hobocoh norjiomcHMB ana^npyeMMx acuecTB. no3TOMy „eo6xoaHMO cornacoaanHe 
UP.HCC 3a*,H„oro napaMerpa hv„ c ,hh P hhoh 3anpeuKHHOH 3o„b, fl o n om,HTe,b„oM 

OHTHMeCKH CB»3aHHOH aKTHBHOH 0 6jiaCTH.T.e. hv mus < b lloc , ^ 

HHH 3TOPO yCJlOBHH H3JiyMCHHC, Bb.XO^UeC H3 flOIlOJlHHTCJlbHOH aKTHBHOH oGjiaCTH. „e 

6y»eT coBHanaTb no „.paMcrp.M c tpc6o.bh».mh ananHTHMecKOH »uuihh. Bb.no.neHHe 
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ycjiOBHfl d £l/a„ o6^fcHBaer nonnoiueHHe oojibmefi Hat^H3JiyHeHH*, Bbixo;wiuero 
H3 npeAbwymefi oimfHecKH cbh33hhoh skthbhoh o6jiacTH. npH d< l/a BX b iionojiHH- 
TejibHOH aKTHBHOH o6jiac™ norjiomaeTca MeHee npH6jiH3HTejibHO 2/3 o6iuero noTOKa 
6;iH>KHero HK-HSJiyneHH* (I=I 0 exp (- ad)), mto npHBe/ieT k chhjkchhk) sdxpeKTHBHOc™ 

npeOOpaSOBaHHH (mOIUHOCTH) H3JiyHeHH» H HCB03MO>KHOCTH HCnOJ]b30BaHH* HCTOHHHK3 

fljifl npaio-HKH. Bwno^HeHHe yc/iOBHJi d<l/ a„,, ix neooxo^HMO una 3(p(J)eKTHBHoro BbiBO/ia 
H3Ji>MenH>i cpeflHero UK ,a.Hana30Ha m aonojiHHTejibHOH 3kthbhoh o6jiacTH. IlpH He- 
BbinojnneHHH 3Toro ycnoBHa 6ojibwafl nacTb H3JiyHeHHa 6yjxer BHOBb norjiomaTbcn b 

AOnOJlHHTejlbHOH 3KTHBHOH o6iiaCTH, H HHTCHCHBHOCTb BblXOflflUierO H3JiyHeHHJI OVACT 
CHHyKaTbCH, npHBOJW K HenpHPOflHOCTH HCTOMHHK3. 

Flo n.2: co3iiaHHe flonojiHHTejibHOH skthbhoh o6iiacTH b BH,ae BapH30HHoro \ia- 
Tepwajia A 3 B 5 h/hjih ero TBepflbix pacTBopoB no3BOJifleT peuiaTb 3aaany nojiyneHHa Ha- 

6opa HCTOMHHKOB C pa3HbIMH .ZUIHH3MH BOJ1H. T.K. nOCTIOHHOe CTpaBJIHBaHHe (hJIH pOCT) 

^nosBonjieT nojiyM3Tb MaTepHaji c Tpe6yeMOH ujhphhoh 3anpemeHHOH 30Hbi. HpH pacno- 
jiOHceHHH y3K030HHOM noBepxHOCTH co CTOponbi p-n nepexojia pe3KO CHHacae-rca 3(p- 

(peKTHBHblH K03(p(pHUHeHT nOrjlOlUCHHJI (XBMX . T.K. UJHpOK030HHbie o6iiaCTH BapH30H- 

noro MaTepHana oo/ia^aioT sdjtpeicroM *' OKJia" jv\n H3JiyHeHHH, ccpopMHpoBaHnoro b y3- 
K030HHOH nacTH. PacMeT aijyx Hfift BapH30 Hiioro MaTepnajia npHBeaeH b [3,4]. TaKHM 

06pa30M, nOHBJIHCTCH B03MO>KHOCTb HCnOJlb30BaTb AOCTaTOMHO TOJJCTbie CJJOH ( OKOJJO 

60 mkm. VE, = 2 M 3B/mkm ), mto, yiHTbiBax xpynhOCTb MaTepHajiOB A 3 B 5 , ooecneMH- 
BaeT ynpomeHHe TexHOJiorHH npoH3BOflCTBa npnGopoB. Pacnono>KeHHe y3K030HHofi no- 

BCpXHOCTH CO CTOpOHbl BblXOflHUierO H3J1VMCHHH (T.C paCHOJ10>KeHHe UJHpOK030HHOH 

noBcpxnocTH co CTopoMbi p-n nepexoaa) npHBcaeT k cyuiecTBennoMy chh/kchhk) 3(p- 
(J)ckthbhocth hctomhhks H3-3a norjiomenHH Bbixoamnero CBeTa. 

no n.3: bbchchhc b kohctpykuhio AonojuiHTejibHbix ofithmcckh CB»3annwx c 
nepBOH aKTHBHbix o6jiacTen H3 MaTepnajia A 3 B 5 h /hjih hx TBep^bix pacTBopoB, c 
yaoB.ieTBopjuomHMH onpe/jejiemibiM cooTHomeHHSM ujhphhoh 3anpemeHH0H 30hw h 
ujhphhoh, h 3anojiHeHne npoNie^cyTKa Moray bktmbhwmh o6jiacTHMH ( BBeaeHHe cjioh 
BemecTBa) BemecTBOM c K03<p(pHu.HeHTOM npeJioMJienna n, yaoBJieTBOpjnoujHM ycjio- 
bhjo l<n<n Hpca .. ltt K.,., rjxc n lipc; , h n lloM - noKasaxejin npejiOMJieun* ohthmcckh CBasaHHwx 
aKTHBHbix o6jiacTefi, npHBOAHT k co3£.aHHK> p-n nepexoaa (HHacejcropa) b MaTepnajie c 



HH- 



6ojIbUJOH UlHpHHOH 3a.^eHH0H 30HM, 4^ P e3KO yBCJlH^TT 3<j><|>eiCTHBHOCTb 

>KeK U HH np H riOBwiijcMHbix xeMnepaxypax, a xa»oKe cHHAaeT noxepn moiuhocth nom- 
•laeMoro b cpejwcR HK o6jiacxH np H nOBbiweHHbix xeMnepaxypax H3jiyMenHJi, nocKO/ib- 
Ky yBCJiHMMBacT yro-i nojinoro BHyrpcimero OTpa»enHJi na rpaiiMue npeawaymcH h 
noc.icayiowcH oiith-icckh cajnannbix aKTHBiiux o6jiacTefi. mto npHBoawx k noBwujc- 

HHK) >(j)(j)eKIHUIIOCTH paOOXbl HCTOHHMK3. 

Ho M.4: Bi,mo;iHemie aonojniHxeabnoH aid hbhoh o6;iacm na ocuoBe Bapmoiitio- 
ro MaxcpHa-ia c pacnojioaccuMCM ero y3K03onnoH noBcpx.iocTH co cxopoi.b. p-n nepexo- 

m ri03BOJl«ex HOJIVMHTb 3(})(peKTHBHO pa6oxaK)LUHH HCTOMUHK UK H3JiyMeHH», HMCKMUHH 
B03M03KIIOCTb H3jXV*iaXb P a3JlHMHbie iUJHMbl BOJIH H flOCTBTOMHO npOCTOH B H3rOXOBJie- 
HHH. 

npea'iarae.Moe ycxpoficxBo cxeiviaxHHecKH H3o6pa>KeHo na Onr. I, rae: 

1 - nepBaa aKXHBnaj. oo;iacxb, 

2 - p-n nepexoa, 

3 - aonojiHH rcjibnas aKXHBuaj. o6jiacTb, 

4 - aep>Kaxe;ib 

PaGora ycxponcr»a. 

Ha p-n nepexoa noaa.ox np*Moe CMemeime. HiimwHpyiomee HuweKumo ..ocHxejiefi b 
nepBVK) aKTHBiiyio oojiacTb. HinKCKTHpoBaimwc hocmtcjw pcKOMOHnnpyioT c Bbuejie- 
hhcm H3;.y«ieHH» b ojimjkhch HK oojiacxH cneKxpa c 3neprHCH hvsE IlpM . C(}>opMHpo- 
Bannbie TaKHM oopa joM KBanTbi noKnaaiox nepsyjo atcxuBHyio o6;.acxb h nonaaawx b 
nocjieay»oiny»o. aono;u.Hxe;ibHyK>. onm'.ecKH CBasannyio c nepBofi. aKTHBuyio 06- 
Jiacrb. rac norjiomaiOTca bo:.h3h noBcpxiiocTH. o6pauicmioH k p-n nepexoay. B pe3yjib- 
xaxe bo Bropofi oo;.acrn (j)op.MHpy»oxca hcociiobhwc. ^oxoBojGy-^cnnbie hochxcjih. 
Koxopwc b cboio 0'iepob. pcKOMomiMpyiOT c -)ncprnefi. 6JIM3KOM k Iw,tE,*K . rae k-0 
;uiH »eBb.po>KaeMHOio MarepHaaa h k l - aj.« Bb.pottaen 1.010. Ilojiy.eMi.bie tbkhm 06- 
pasoM KBanxb.. cooTBCTCTByiouwc cpeaneMy HK- ananasony cncicrpa. noKHaa.ox ao- 
no;.Hnxeabnyio aKxnB..y.o oo.iacx., n eoiaa.ox i.oxok M3Jiy.enHn, npHroaHb.n a™ 
npaKXHMCCKoro npHMeiieMHH 

Hpea/iaraeMbiH hctomhmk HK-n3ayMCHH>i (npn-viep onxmuajibnoro wih npaicxHKH 
BapnaHxa) cxeMaxHMecKH tnoopasKen na Onr.2, rae: 



1 - nepBaa aKTHBHaa 

2 - p-n nepexoa, 

3 - AononHHTe/ibHaJi aKTHBuaa o6nacn>, 

4 - .aepacaTejib, 

5 - y3K030HHaji noBepxHOCTb BapM30Hnoro MaTepnana, 

6 - iiJHpoK030Hna$i noBepxnocTb BapH30nnoro MaTepHajia, 

7 - onTHnecKHH KOMnayaa, 

8 - nojwo>KKa, 

9 - OrpaHHMHBaKOUlHH CJIOH, 

10 - 3MHTTep 

npHMeo 1. H3JiyMaTe;ib 6wji co3flaH b Ohshko-tcxhhhcckom HHCTHTyre 
HM.A.O.Hocp^e PAHj mix nero mcto^om >KH^KO(pa3HOH 3nHT3KCHH Ha no/mo/KKe n'-lnP 
(Sn), opHeHTHpoBaHHofi no njiocKOc™ ( 1 00), 6biJiH BbipauieHbi cjie^yiomHe cjioh: 1) n - 
InGaAsP (HejierHpoBaHHbin) c E g = 1.19 eV h tojhuhhoh d - 1.0«w, 2 ) n -InGaAsP 
(HeJierHpoBaHHbifi) cjioh (E g = 1.01 eV, d ~ 0.4 mkm), 3) p'- InGaAsP (jierHpoBaHHbifi 
Zn, Eg = 1.01 eV, d - 4.7 mkm). CocTaB cjioh 2 6bui onTHMH3HpoBaH nojiyneHHa H3- 
ziyMeHH* b o6nacTH 1.21-1.23 mkm ripn KOMHaTHOfi TeMnepaType. 3nHTaKCHajibHafl 
CTpyKiypa pacKajibmajiacb na hhhu pa3NiepaMH 1x1x0.35 mm 3 , KOTopwe MOHTHpoBa.™cb 
(upHnaHBajiHCb HtuweM) na CTaiwapTiibiH jieprcaTejib TO- 18 p-cjioeM bhhs. n-KOHTaKT 

4)OpMH P OBaJlCfl Ha HOBCpXHOCTH lllP HHjlHeM T3K , MTO CBoGOflHa* POBCpXHOCTb InP 

HMe/ia pasMepw 1x0.9 mm 2 . B Ka'iecTBC BToporo aKTHBiioro cjioa Hcnojib30Ba.nca apce- 

HH/l HH.U.HH TOJ1WHHOH 2-4 MKM H-THFia npOBOflMMOCTH C h=2 lO"' CM*\ OlOH yicpCnJIHJl- 

ch na noBcpxnocTH n'-lnP (Sn) c noMOiubio tomchhoh npHnafiKH hhuhcm. nojiyMemiMH 
xaKHM o6pa30M hctomhhk 3 anHTbiBajiCfl nocTOHHHbiM tokom 30 mA h H3Jiyiaji na A-lHHe 
BOJiHbi 3.8 mkm c no.nyujHpHHOH cneiapa H3JiyienH» 0.4 mkm. H3JiyHetiMe perncTpHpo- 
Bajiocb BnjioTb no Te.MnepaTyp 130 C. npn dtom mbkchmvm cneKxpa cMewanca b ajihh- 

HOBO/IHOByK) CTOpOHV H COCTaBJlflJl 3.9 MKM. 

npHNiep 2. 3nHTaKCHajibHa?j cTpymypa /xna nepBofi aKTHBHofi o6jiacTH co3.ua- 
Bajiacb aHajiorHHHO onncaHHOH b npHMepe 1 . MexoflaMH CTaH^apTHOH (poTOJiHTorpa- 
(J)hh na 3nHTaKCHajibHOH cTpyioype cos^aBajiacb rjiyGoKaa Me3a zmaMeTpoM 400 mkm, 
Ha KOTOpyx) HanbiJiflJicfl omhmcckhh koht3kt (Cr+Au) /waMeTpOM 260 mkm. KoHTaKT k 
H-o6jiacTH (Cr+Au) hmcji (popMy hoakobm h HanbUiHJiCH KaK Ha p-o6jiacTb BHe Me3W 



ran h Ha n-oonacxb na ck^x BHeuiHefi MC3bi. Hoc/ie Hani>uf£a KOHTaKn>, ycHiiH- 
ea^HCb 3a cner Aono/iHHxejibnoro ocaacAemta rajibaamiHecKoro 30Jioxa. KpHcxajui* c 
MC3a cxpy Kxypa m h h KOHxaKxaMH pa 3 pe3a J iHCb Ha minbi paiMcpoM 0.9x1 mm 2 h mohth- 

pOBILIMCb Ha HOCHTC.Ib H3 IIOJiyHSOJIMpyiOmcrO KpCMHMH. HMC.OWHH KOHTaKTHbie IT30- 

majiKH Sn-Pb. nan >xo nounaiio b [5]. y3K03om.aa aKTHBuafl oo;.acTb cosaaaa-iacb 
cjicjivioiuhm oopa30M. Ha nojuioxKc apccmuui hiiah* BbipaiUHBiuicji rpaancHTHbifi 
c^oh TBepfloro pacwopa InAsSbP xojiwhhoh 60 mkm c cocthbom na iiobc P xhocth 
lnAs,,,:SbooK h nospacTaiiHCM coAcp/Kanna cl>occbopa k neunoxicc c rpaaHCHTOM ujh- 
Phhm 3anpe.ueHHOH 30»b. 1-2 noB/mkm. nocjic BbipamnBanHfl noAnoacica xhmhhcckh 
CTpaBJiHBajiacb. npn dtom oKOHMaxejibnaa lonmHHa c;.o« own 20 mkm. I,o;iyMeHHb.H 
rpaAnenTHbiH cjioh ..pmcpenjiajica tomchhoH nafiKofi hhahcm y3K030HHofi noaepxno- 
CTbK) k noA-novKKe InP. H3roTOBneHHb.fi onHca.uibiM ab.iue oopa30M HanynaTejib H3jiy- 
naj, »a onmic Bom.b. 4.3 m km b6;,h3h nonocb. norjiowciwa yrncKHCJioro ra 3 a h nona- 
, 3biBa.T cTa6H;ibn\'K> paooTy BnjiOTb ao 90 C. 

n P HN.ep 3. Hctomhhk H3JiyMeHHfl H3roTaBJinBaxicH TaioKe .KaK onncano b h P h- 
Mepe 2. o A HaKO npoMOKVTOK MOKAy nowcwcKoa InP h woe*. InAsSbP samwmajica on- 

THMCCKHM IIOJIHMC pHblM KOMnayHAOM, np03 P aMHb.M B 6;,HVK,.efi HK O&iaCTH. K3K no- 

KasaHO na Onr.2. Moimiocxb MSJiyMCiiiM ncxoMHUKa 6b.;,a a 2-3 paia awuic. hcm b 
upHMepe 2 

npHMCP 4 . Hctomhhk M3Jiy«ie H Ha HsroTaBJiHBJUica xaK. kbk onHcano b npHMepe 
1. ooiiaico BTopaa aKXHBuaa ofinacxb pacnoaanuiacb ncpneiuiHicyjiapHO p-n nepexoAy h 
napa.-uuii.HO (Oil) ckojibm KpHcnuuia. P-H ncpcxoa 3anHTb.Ba.no. ko P otkhmh hm- 
n yJ ,bcaMH ( MU.ee 1 mkc) c aMmnyAOH roxa 7 A. Mono.ocrb H3:.y..eHH« 6b..,a oo.nee . 
mcm ..a ..ophaok Bbunc. mc-m b npiiMcpc 2, 6;.a. xuapa H8Ma.iv cTHMy^poBaimoro pe- 
>KHMa paGoTbi ncpBofi hki ubhoh oGj.acTH. 

l l p HMC p 5 . Hctomhhk coaaaaajica ran. KaK onncano a npuMcpc 3. OAnaKO iijio- 
maab InAsSbP-c.ox 6buia a 2 paia MC.bu.e. a ocaoocuiiaiiiaaca na noBcpxi.ocTH InP 
luioiiuuu. 6b.;.a noKpb.xa cj.ocm In As. aiiajioi -hmiimm oimcamibiM a npuMcpe 1. 
Ho;,yMunn>m nc 1 o'imhk H3;,yMa;. OAHOBpeMC.no na abvx .anmiax bo.,..: 4.3 mkm h 3.8 



MKM. 



HpHMep 6 . nepaaa aarHBHaa oonacxb h p-n nepexoa bwiiojihchw t 3 k ace k 3 k h b 
npewAymiix npm.epax. Ha noacpxnoc™ InP pa3McmajiH aae AonojinHTCJibHbie 3kthb- 



Hbie o6iiacTH, cocto«i^h3 rpa^HeHTHbix cjioeB InAsi. x .>^^y " In,. v Ga v As,. w Sb w c 
COCT3B3MH H3 y 3 K030HH0H nOBepXHOCTH! x=0,2, y =0, v= 0,1, w=0, 1 . flonojiHHTenbHbie 
aKTHBHbie o6nacTH hmcjih Ha ruiocKOc™ npaMoyrojibHyw (j>opMy h 6buiH hjiotho npn- 
CTbiKOBaHW iipyr k jpyry no bhhhh, yc/iOBHO aejiatueH noBepxHOCTb InP na jibc paeHwe 
MacxH. npn no^ane nanpHttenH* na p-n nepexoa hctohhhk H3JiyMaji na abvx A.™Hax 

BOJ1H -5,5 MK.M H 3.8 MK.M. COOTBeTCTByiOlUHX <pOTOnpeo6pa30BaHHK> B flByX 3KTHBHb!X 

AonojiHHTejibHbix oojiacrax. noAo6nbie flB yx- h 6ojiee BOJiHOBb.e hctomhhkh Moryr hc- 
nojib30BaTbCH b ohthhcckhx ra3oanajiH3aTopax b cxeiwax c HecKOJibKHMH Kana^aMH H3- 
MepeHHH. 

npHMep 7 . H3JiynaTCJib nvieji tc tkc cocTaBHbie nacTH, hto h b npHMepe 5, o^aKO 
^onojiHHTejibHbie aKTHBHbie o6jiac™ pacnojiarajiHCb noc/ieAOBaxe/ibHO no xoay nyHa, 
npHMeM flonojiHHTe^bna^ o6jiacrb H3 InGaAsSb 6biJia npHCoeAHHena k InP c noMombio 
KOMnayHAa, a Bxopaa AonojiHHxejibna* o6jiacxb H3 InAsSbP 6bijia pacno;io>KeHa ot 
InGaAsSb Ha paccTOHHHH 10 mm. Taicoe pacnojioweHHe o6jiacxefi hosbojihjio nojiyHHXb 
'jiyn c nocjieaoBaxejibHO MeHJuoiuefica iuiHHofi bojjhm ( ot 3.8 no 5.5 mkm), mto Moacex 
Hcno^b30BaTbCJi b cneicrpocKonHH. 
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I 

Oopiviyjia rpynnw inoGpeTeiiHH. 



1. noJiynpoBOflHHKOBbifi hctomhhk HH<})paKpacHoro m^yneHMfl, coflep>KamHH aKTHBHyto 
o6iiacTb H3 MaTepnajia A 3 B 5 h/hjiii ero TBep/ibix pacrrBopoB c 3aaaHHon wnpnHOH 3anpe- 
meHHon 30Hbi 11 p-n nepexo/i, OT/niMajomnncfl tcm, hto, hctomhhk aonojimrrejibHO cojep- 
>kht no Menbmefi Mepe ojny onTHHecKH CBJoanHyio c nepBofi aKTHBHOfi oo/iacrbK) zionoji- 
Hirre-ibHyK) ahTiiBHYK) oo.iacTb 113 MaTepnajia . A 3 B 5 ii/hjih ero TBepjibix pacTBOpOB, npuHevi 
uiiipHHa 3anpemeHHOH 3onbi n TOiminna KawAOii nocjieAyK)iueu orrni hcckh cbh33h hom aK- 
THBHOfi 06jiaCTH }710B/]eTBOpHK)T COOTHOlUeHHHM! 

hv Mal < Enoc^+Ef *K<E npr ^ 

l/a HX . <> d < l/a llB4X . ,rjxe 
hv M »x- MaKCHMyM cneKTpa peKOM6nHauiiOHHoro H3JiyHeHna b nooneflyjoiuen /lonojimrrejib- 
hoh aKTHBHOfi o6jiacTH, orrrnqecKn CB«3aHHOfi c npe/tbiayiuefi aKTHBHOfi o6jiacrrbK\ 
E npcx - timpMna 3anpeuieHHon 30Hbi npeflbiaymefi, orrrHHecKH CBH3aHHofi c /laHHofi, aKTHB- 
HOfi OOJiaCTH, 

^Enoci. h E r - uiupMHa 3anpeuueHHofi 30Hbi m 3Hepnia OepMH nocneziyfOLueH ofitmhcckh cbh- 
3a h hom flonojiHirre-nbHofi aKTHBHoH o6jiacTH, cooTBercTBeHHO, 

k = 0; 1 - K034>4)MuneHT /uih neBbipo>KAeHHoro h Bbipo>K^eHHoro MaTepnajia, cooTBeTCT- 

BeHHO. 

d- TOJiiUHHa nooncayiomefi onTimecKH CB«3aHHofi AonojiHirrejibHofi bktiibhom oo/iacTH 

a nl h a nMX - 34>4>eKTnBHbie KOD^nmieHTbi norjiomeHna ju\h Bxojxamero n Bbixo/iamero 

H3 nocne/iyfoiuen aonojiHUTe/ibHOH aKTHBHOfi oojiacrrn M3JiyMeHu», cooTBCTCTBenHo 

2. riojiynpoBOAHMKOBbm hctomhhk no n.l, OTjinHaroiunficfl tcm, hto, no Menbiuefi Mepe 
onHa ixonojiHHTe.ibHafl aKTHBHaa oojiacrb Bbino/iHeHa Ha ochobc Bapn3onHoro MaTepna- 
jia, npHMevi ero y3K030HHaa iiOBepxnocrb pacnojio>KeHa co cropoHbi p-n nepexoaa. 

3. riojiynpoBozm h KOBbin hctomhhk n H({)paKpacHoro injiyMemifl, coziep/Kamnn aKTHBHVK) 
oojiacrb H3 MaTepna/ia A 3 B 5 h/iijih ero TBepxibix pacrrBopoB c 3ananiion mnpnHofi 3a- 
npemeHHOH 30Hbi h p-n nepexoa, OTjumaiomufic* tcm, mto, hctomhhk nonojiHirrejibHO 
co^ep>KHT no MeHbLuefi Mepe o^Hy orrniHeciai CBjnaHHyK) c nepBofi aKTHBHOfi o5jiacrbK) 
zionojiHHTejibHyK) aKTHBHyrc> o6jiacrrb H3 MaTepnajia A'B' h/hjih ero TBep/ibix pacTBo- 
poB, npuMeM lunpiiHa 3anpemeHnon 30Hbi n TOJiiixnHa Ka^on nocjieayjoiuefi orrritMecKii 

CB»3aHHOH aKTHBHOfi o6jiaCTH y/lOBJieTBOpSKDT COOTHOLUeHHSM: 



hv M „< E noc . v +E f *K<E npM 
< d ^ 1/a^,. , 

„ no neHbiuen Mepe Mercay wyMa ormmecK.. CBfl3auHb.Mii aKTHBHbiMH o&iacraMH BBeaen 
cjiofi BemecTBa c KO*M>imneHTOM npciOM-ncmm n. ynoBjieTBopjiioiuiiM cooTHOUiemiK) 



1 < n < n „,*., - 

rae hv M>1 - MaKCiiMyM cneicrpa pcKOMOiinauiioMiiom injiyieiiiHi b nocjicayiowefi aonojiiiii- 
TCJibHori aKTHBHofi oojiacrii, ormiMecKi. CBttannofi c upcabiaymen aKTHBHOfi oo/iacrbio. 
E lip ..,- miipima 3anpemenHOii 30Mbi n pea buy men, oiithmcckh CBfl3aHHort c aanHofi, 3kthb- 
iion oojiaCTH, 

E 11W , n E r - imipnHa 3anpeiuennoii soiibi 11 onepnifl cDepMii nocjieayiowefi onTiiHecKii cba- 
3anHOM flono,nHMTe^bHOH aKTHBHofi oojiacTii. cooTBercnicHHO. 

K = 0, 1 - K03(p(pimneHT fljifl HeBbipovKaennoro ii BbipoJKaeHHoro MaTepuajia, cooTBeTCT- 

BCHHO, 

d- TOJimiiHa nocjieayjowefi ormiHecKM cBsmmiofi /lonojnutTejibHOu aKTHBHOit o6jiacni, 
a,,, ii a n ,.„ - 3(p(peK-TiiBHbie K03(p(piiuiiCHTbi riouiomeHiiH jxn* Bxoafliuero h Bbixoflfliuero 
ii3 noaie/iyioiueH flonojiHHTcnbHofi aKTHBHofi oS/iacm n3JiyieHim, cooTBeTCTBeHHO, 
Unpen n , 1<>c ., - noKa3aTejin npeJiOMJiemifl npeflbiaymeii ii nocjieayioiueii aicrHBHbix o6jiacreit, 

COOTBCTCIBeilHO 

4 IIojiyripOBonnHKOBbin iictomhhk no n.3. onni'iaioinitficfl tcm, mto, ho Menbuiefi Mepe 
cwia aonojimrrejibHsui aKTMBnajt oojiacrb Bbinojuiena na ocuoBe BapinonHoro MaTepuana, 
npiiMCM ero \-3K030Hnafl noBepxHOcrb paciio.ioA-ena co croponbi p-n nepexoaa. 



nOJiyiipOBOAHHKOBbJH HCTOMHHK 

iimfcpaicpaciioro h)ji>'<ichhsi. 
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riojiynjTOBoaHHKOBbiH iirro'iiiHK- 
mi4)pak-paciioro iiwyieHim. 
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I BapMSHTK ) 

J^Zm HaaxH np^HeH.e b a^opax rasoaoro a^aa. cnea- 

:l z r«— — • *— " B3oopeTeHIu, 119 

TaTe ca pac^-e a asanas a—a npa noB«- 

bo MeH^aa «apa o W oa aKTHBHOfi 
«£TT£ - ^epaaaoB. w a nepaaa. npa «. -V- ~ 

nrr; ^ : 

: aelC a _ ^ — r^r:— 

aoHHoro naTepaaaa. opaHeM ero y H ciowaKa 

MH$paKpacHoro «p~ no ^ ^ ^ ^ 
hocth pa^a — - «^ ^ c onpMe „ 
t^bbx aKTHBHHX odaacxea ^ 

U8W W« 0nra - eCKl1 CBH3aBHieJl1 "^eKBH. jb« B03M0HH0CTH 

h^o b.4 »o — Mepe o W a »»-b—> aKraa- 

■ allaa aa — — £ « " 

noaepxHoc ^ co copoaH P-n aepexo*,. 

2 caM f n.$-aH. 2 8aB.n.fr*n. 2 ui. 



